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^ (57) Abstract: The invention relates to a method for handling a database containing objects (A, B) that have an extension in a 
*T coordinate system representing a multidimensional reality, which coordinate system is divisible into a plurality of defined, multidi- 

mensional intervals (61-69). The method is characterised by the steps of, each time an object is entered into the database, determining 
^ which multidimensional intervals the object has an extension in, for each of these intervals determining the number of objects having 
]g an extension therein, comparing said number of objects with a predetermined threshold value and, if the threshold value is exceeded, 

dividing the interval into at least two smaller intervals, in order to limit the number of objects related to an extension in an optional, 
O defined interval. Each interval (61-69) is linked to a set of objects (A, B) having an extension in the interval and each object (A, B) 
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METHOD FOR HANDLING A DATABASE 

Technical Field 

The present invention relates to a method for handl- 
ing a database containing objects that have an extension 
in a coordinate system representing a multidimensional 
5 reality, which coordinate system is divisible into a plu- 
rality of defined, multidimensional intervals. 

Background Art 

Various forms of databases for storing information 
10 exist very often in our increasingly computerised world. 
Information is usually structured in the database in the 
. form of objects which, for instance, may represent a phy- 
sical article whose properties are stored in the data- 
base. 

15 When transferring the physical reality to a data- 

base, software comprising a graphical interface is often 
used, models being drawn into a coordinate system and 
stored in the database by the software. This is called 
"writing' 7 or "entering" the model into the database. One 

2 0 or more models are linked to an object, which may also be 
linked to information- about the properties, choice of 
material, etc. of the object. The geometric models and. 
other properties are stored in documents that are linked . 
to an object by means of references to an object ID. This 

25 type of system is well known in CAD (Computer Aided 
Design), for instance. 

The information in the database is used in calcula- 
tions performed by the designer, such as strength calcu- 
lations, optimisation calculations, collision analyses, 

30 etc. When the space is large in relation to the object, 

the number of objects may be extremely large. One problem 
arising out of this is that, before each calculation, the 
system takes all the objects in the space into considera- 
tion. This is often completely wasted effort since nor- 
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mally only a few neighbouring objects affect a calcula- 
tion that is being performed. 

Considerable differences may also exist between the 
degree of detail for different objects. A flat wall may 
5 perhaps be modelled sufficiently well by a single object, 
say a rectangular parallelepiped. A clock hanging on the 
wall, on the other hand, may be accurately modelled and 
therefore contain a large number of small components. 
A traditional solution to this problem is for the 

10 system to divide the objects into hierarchical levels 

or scales. Small parts are grouped in a combined object 
that can be represented with less information. The clock 
may contain a number of objects on a smaller scale, for 
instance, all of which represent a particular component 

15 in the clock. On a larger scale the whole clock is repre- 
sented by a single object corresponding only to its outer 
geometry, for instance. The smaller scale is "hidden" 
from a designer working on the larger scale since he/she 
only needs to make use of relations between objects on 

20 the larger scale. Similarly, the relations on the larger 
scale are deactivated when work is being performed on the 
smaller scale. 

This manner of handling the problem is unsatisfac- 
tory for several reasons. In the first place, the user 

25 can only work in one scale at a time, which entails prob- 
lems when properties of an object influence objects on 
a smaller or larger scale. For example: if the clock men- 
tioned above has a suspension hook in the smaller scale, 
this may affect the force that in the larger scale holds 

30 the clock on the wall. A change in the hook thus affects 
a relation higher up in the hierarchy. This relationship 
is not apparent if the work is limited to one scale at a 
time. 

In the second place, it is difficult to draw limits 
35 as to which objects may be permitted on a particular 

scale. Different applications may have different suitable 
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divisions, resulting in deficient or non-existent compa- 
tibility. 

According to known technology the space is divided 
into a large number of part -volumes which are stored in 
5 the database. Each object may extend into several part- 
volumes and, for each part -volume, the database stores 
which objects are at least partially in this part -volume. 
In this case a calculation performed for one point in the 
space need only be affected by information relating to 

10 objects in the small part -volume that includes the rele- 
vant point. Naturally, if the calculation relates to an 
object extending over several part-volumes, information 
from the objects in all these part-volumes is involved. 
On the other hand, information relating to objects locat- 

15 ed in part -volumes entirely separate from the relevant 

part -volume need not be included in the calculation, and 
the system therefore avoids numerous unnecessary opera- 
tions. 

The drawback with this system is that it is com- 

20 pletely static. In a volume with a few large objects, 

such as a wall, a large number of part-volumes will only 
contain reference to a single object. However, in the 
case of an object with many small parts, such as a clock, 
a part -volume may contain a very large number of refe- 

25 rences. Consequently, a calculation such as a collision 
calculation, performed somewhere on the wall, will com- 
prise considerably more calculation phases if it is per- 
formed for any of the part-volumes near the clock than if 
it is performed for an empty wall surface, although the 

30 calculation is not necessarily affected by the clock. 

It could be said that the system solves the problem 
of different hierarchical levels by locking the entire 
coordinate system to a specific level that is assumed 
to be sufficiently small. Unfortunately, problems arise 

35 with part-volumes containing information of very diffe- 
rent type - quite simply an unbalance in the mathematics 
defining the coordinate system and the objects placed in 
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it. This results in extremely demanding calculations for 

collision or optimisation analysis, for instance. 

Object of the Invention 
5 One object of the present invention is to provide 

a dynamic, automatically optimising division of a space 
map, i.e. a multidimensional "room" represented by a 
coordinate system. 

A second object of the invention is to provide a 
10 dynamic database. 

A third object of the invention is to provide a 
database allowing anyone easily to obtain information 
as to which objects are located in the proximity of an 
object. 

15 

Summary of the Invention 

The present invention relates to a method of the 
type described by way of introduction further character- 
ised by, every time an object is entered into the data- 

20 base, determining which multidimensional intervals the 
object has an extension in, for each of these intervals 
determining the number of objects having an extension 
therein, comparing said number of objects with a prede- 
termined threshold value and, if the threshold value is 

25 exceeded, dividing the interval into at least two smaller 
intervals, in order to limit the number of objects relat- 
ed to an extension in an optional defined interval. 

It is thus ensured that only as many objects as 
indicated by the threshold value exist in each interval. 

30 In parts of the interval where many small objects are 

situated, the interval is divided into a large number of 
small sub- intervals. In parts of the interval where only 
a few objects are situated, however, the interval is 
divided into larger sub- interval s . 

3 ? In accordance with a preferred embodiment, the 

method also includes the step of associating each inter- 
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val with a set of objects that are related to an exten- 
sion in the interval . . 

The method of dynamically dividing an interval into 
several smaller intervals in accordance with the inven- 
5 tion is used to obtain a dynamic space map in which each 
object is associated with at least one interval, and in 
which several intervals are associated with at least one 
object. Information as to how interval and object are 
related to each other can be used to obtain . important 

10 information as to the relation between the objects. The 
size of an interval, for instance, indicates how close 
its objects are in relation to other, adjacent intervals. 

An immediate advantage of this type of database is 
that various areas of the multidimensional space map are 

15 divided into different numbers of intervals, depending on 
how many. and how small the objects are that are related 
to each area. 

The coordinate system may comprise at least one time 
dimension and one or more, preferably three, spatial 
20 dimensions. This is advisable in order to satisfactorily 
reproduce the reality represented by the coordinate sys- 
tem. 

Each division of an interval is preferably only 
effected in one dimension. Better control is obtained 
25 over the new intervals created by only dividing in one 
dimension at a time. 

When the threshold value is exceeded the interval is 
preferably divided into two smaller intervals, suitably 
■ into two intervals of equal size. This way of repeatedly 
30 halving iritervals is extremely suitable for implementa- 
tion in a computer, using binary arithmetic. 

Brief Description of the Drawings 

The present invention will be described in more 
35 detail in the following with reference to the accompany- 
ing drawings illustrating preferred embodiments of the 
invention by way of example. 
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Fig- 1 illustrates schematically an environment in 
which the method in accordance with the invention is 
used. 

Fig. 2 shows an object entered in a coordinate sys- 
5 tern that is divided into four intervals. 

Fig. 3 shows schematically how an object is linked 
to several interval objects, and how each interval ID is 
linked to an object ID. 

Fig. 4 shows a flow chart illustrating one embodi- 
10 ment of the invention. 

Fig. 5 shows a flow chart of the step of dividing 
an interval as shown in Fig. 4. 

Fig. 6 shows a division of an interval into a two- 
dimensional coordinate system in accordance with the 
15 invention. 

Figs 7a-7b show a binary notation of a dimension 
of an interval in accordance with one embodiment of the 
invention. 

20 Descript ion of a Preferred Embodiment 

The method in accordance with the invention is 
applied in a computer environment comprising a database 
1 with a plurality of objects 2. Each object is linked 
(e.g. by pointers) to one or more documents 3 describing 

25 the object. First software 4 to handle the objects in the 
database and second software 5 comprising a user inter- 
face are also shown. Said first and second software units 
may naturally be integrated in a software unit 6 and will 
be referred to generally in the following as the "soft- 

30 ware" 6. 

The software 6 permits a user to create, edit and 
remove objects 2, and continuously handles the database 
in accordance with the changes and in accordance with a 
specific structure. The software 6 is also arranged, for 
35 instance, to be able to perform searches in the database 
and handle relations between objects. An environment of 
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this type occurs in a multitude of applications, such as 
CAD or the global database called WWW. 

The method in accordance with the invention is 
intended to be implemented in the software 6 or in sepa- 
5 rate software cooperating with one or more databases. 
When an object is entered into the database it is 
linked to a model created previously, possibly via a 
transformation matrix defining how the object is orient- . 
ed in relation to the model. The object then comprises 

10 the existence of a model in a coordinate system and it 

can be said that the object has an extension in the coor- 
dinate system. 

In a simple case the coordinate system, representing 
a multidimensional reality, comprises the three spatial 

15 dimensions, but in accordance with a preferred embodiment 
it also includes time and one or more abstract dimensions 
which may represent alternative embodiments of a compo- 
nent or a process, for instance. 

In accordance with one embodiment of the invention, 

20 every object is linked to one or more intervals of the 

coordinate system, with the same number of dimensions as 
the coordinate system. At the same time, the database 
includes a plurality of interval -objects, each of which 
is linked to one or more objects. 

25 Fig. 2 shows how a model 10 is entered into a coor- 

dinate system that is divided into four intervals 11-14, 
equal in size, and Fig. 3 illustrates how the model and 
the interval are represented in the database 1. The: 
model 10 is represented in the database 1 by an object 

30 20 with an object ID 21. Each interval 11-14 is repre- 
sented in the database by an interval -object 22-25, 
assigned interval ID 26-29. The object 20 is linked to 
the four interval -objects 22-25, preferably by pointers 
30 to the interval -objects ID 26-29. Similarly, each 

35 interval -object 22-25 is linked to the object 20, prefer- 
ably by means of pointers 31 to the object ID 21. 
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Thus, every time an object is entered into the data- 
base, it is assigned a reference (pointer) to one or more 
interval -obj ects . Each of these interval-obj ects is then 
assigned a reference to the relevant object. The inter- 
5 vals are determined so that they fully encompasse the 

extension in the coordinate system to which the object is 
related, and at the same time the number of objects that 
each interval is associated with is limited to a specific 
threshold value. 

10 The method of dividing the intervals is described 

in the following with reference to Figs 4-5. 

In step 41 an object 20 is entered into the data- 
base. A comparison of the extension of the object 20 with 
the interval -object 22-25 of the database determines the 

15 intervals within which the object 2 0 has. an extension 
(step 42), and step's 43-44 are performed for all these 
intervals. 

The number of objects occurring in the relevant 
interval is determined in step 43. In the preferred embo- 

20 diment of the invention described here, this can be read 
from the database, since each interval -object is linked 
to a set of objects. If the database lacks this structu- 
ral construction, for all objects in the database the 
software 6. can check whether they have an extension in 

25 the relevant interval. 

In step 44 this number is compared with the thresh- 
old value. If the threshold value is not exceeded the 
program control will continue to step 45 which sees to 
it that steps 43-44 are repeated for all intervals iden- 

30 tified in step 42 . If, on the other hand, the threshold 
is exceeded the program control will be moved to step 46 
where the interval is divided into two intervals. The 
program control then returns to step 42 to decide if the 
object has an extension in both these intervals or only 

35 one of them. Steps 43 and 44 are then repeated in one or 
both the intervals. 
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When the program control reaches the end, each 
interval has only as many object references (i.e. occur- 
rences of an object) as stated by the threshold value. In 
a preferred embodiment a minimum interval size is defined 
5 in order to limit the division routine. More objects may 
then admittedly occur in an interval than is stated by 
the threshold value, but this limitation greatly facili- 
tates handling of the database since a smallest consti- 
tuent is well defined. 

10 - The flow chart in Fig. 4 consists of two loops 

(steps 43-45 and steps 42-44) which can be woven into 
one another in a complicated manner depending on how 
th!e interval is divided. However, this can be solved by 
simple programming and is not described in more detail 

15 here. 

Division of the interval 31 in step 46 may take 
place as shown in the flow chart in Fig. 5. 

. The interval under -^consi deration is first divided 
in one dimension (step 51) by the software, so that two 

20 new sub- intervals are formed. For each interval, there- 
fore the number of objects occurring in each interval is 
determined (step 52) , and the number of object references 
that occur (step 53) , i.e. the number of pointers from 
one of the intervals to an object. This is repeated for 

25 each dimension in the coordinate system (step 54) . 

Step 55 then determines which division will give the 
best result, i.e. in which dimension the division shall 
be performed. The definition of "best" division may be 
formulated, for instance, so that the number of new 

30 object references is minimised while, at the same time, 
the distribution of objects between the sub- intervals 
is as even as possible. Other formulations are feasible, 
depending on the structure striven for in the database. 
When the software* has determined which division is 

35 best, these two sub-intervals are entered . into the data- 
base in the form of interval -object (step 56), whereupon 
the program control returns to step 42 (Fig. 4) . 
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The following is a description, referring to Fig. 6, 
of an example of the division of a two-dimensional coor- 
dinate system, with a threshold value equal to one. The 
procedure is exactly analogous in the case of several 
5 dimensions or with a higher threshold value. 

An object A is created in the database and assigned 
an object ID. Since the object is alone in the interval 
61 it is linked to this interval 61 by a pointer. The 
interval 61 is linked to the ID of the object A in simi- 

10 lar manner. 

A second object is then entered into the coordinate 
system, thereby creating another object, B, which is 
assigned an object ID (step 41) . Upon comparison of the 
extension of the object B with the interval -object of the 

15 database it is determined in which intervals the object B 
has an extension (step 42) and only the interval 61 is 
encountered in the example . 

Since, in the example, the object B also occurs 
in interval 61, it is established in step 44 that the 

2 0 threshold value, set to one, has been exceeded. The 
interval 61 is therefore divided in one dimension 
(step 46) into two sub-intervals 62, 63 (two rectangles), 
which are entered into the database as two new interval - 
objects. A new analysis of the extension of the object B 

25 in both intervals (step 42) reveals that the object only 
occurs in the left interval 62. However, object A also 
occurs there and a new division (step 46) is therefore 
commenced. Two more interval -objects are therefore 
entered into the database, which intervals are formed by 

30 dividing the left interval in y-direction into two sub- 
intervals 64, 65, which gives a similar result. The next 
division then occurs in x-direction, forming intervals 66 
and 67, the object A including coordinate points in both 
intervals 66 and 67. The analysis now reveals that the 

35 object B only occurs in interval 67 and that this inter- 
val also includes an extension of object A and must 
therefore be divided further. The interval 67 is divided 
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in y-direction into sub- intervals 68 and 69, so that only 
one object occurs in each sub-interval. 

In the above example a choice was made several times 
concerning the dimension (x or y) in which an interval 
5 should be divided. This choice is effected in accordance 
with the method described above with reference to Fig. 4. 
In the example, the above definition of "best" means that 
if possible an object occurs in each interval and that 
otherwise as few new object references as possible are 

10 created. (Since new object references in accordance with 
the above are created every time a new sub- interval is 
formed where an object occurs, more new object references 
are created when a division occurs through an object.) 

The original coordinate system has thus been divided 

15 into a plurality of intervals 61-69, all of which are 
represented by interval -objects in the database;. Each 
object A, B is also linked to a set of intervals. The set 
for the object A comprises intervals 61, 65 which con- 
stitute the quadratic intervals encompassing the whole 

20 object, and also intervals 66 and 69, since these are the 
two final sub- intervals in which the object occurs. The 
set for the object B also comprises intervals 61 and 65, 
for the same reasons as above, and also the interval 8 
which encompasses the whole object and is not further 

25 divided. Similarly several intervals 65-69, that include 
a part of the objects A, B, are linked to respective 
objects by a pointer. Intervals 61 and 65 are linked to 
both objects A, B, intervals 66 and 69 to object A and, 
finally, interval 68 to object B. 

3 0 Each interval -object suitably has an ID containing 

information as to where the interval is located in the 
coordinate system, and also concerning its extension in 
each dimension. The interval -object may, for example, 
have an ID such as k x , k 2 , .. ,k N , A 19 A 2 , ,A N , where 

35 ki denotes a coordinate value in dimension i, and Ai 
denotes the size of the interval in dimension i. 
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In the binary number system a pair consisting of 
coordinate value and extension in one dimension can be 
depicted by using one number for the coordinate value and 
one for the extension. This is illustrated in Figs 7a and 
5 7b. 

The interval 71 is divided into a plurality of sub- 
intervals 72-73 of different sizes. The smallest inter- 
val has a length one, and is equivalent to the above- 
mentioned smallest defined interval size. Since the 

10 smallest interval size is known, every possible interval 
starting point can be given a coordinate, between 0 and 
1111 (=15 in the decimal system) in the example. Note 
that the furthermost point (10000 binary, 1G decimal) of 
the interval 71 cannot constitute the starting point for 

15 a sub-interval of the interval 71. The length of each 
sub- interval is depicted as a multiple of the smallest, 
interval length. 

Three intervals 72-74 are marked in Fig. 7a: 

• Interval 72 starts, at point 10 (2 in decimal 
2 0 system) , and is 1 long. 

• Interval 73 starts at point 100 (4) , and is 100 
(4) long. 

• Interval 74 starts at point 1110 (14), and is 10 
(2) long. 

25 In Fig. 7b the interval 73 has been divided into 

two intervals 75, 76. Their respective designations are' 
obtained from the designation of interval 73 by divid- 
ing the length in half (striking one zero in the binary 
notation, 100 -» 10) , so that two starting points are 

30 formed, one being identical to the starting point (100) 
of the interval 73, and the other equal to the starting 
point of the interval 73 plus the new interval length 
(100 + 10 = 110) . 

The structure of interval -objects in the database 

35 can be utilised to obtain information as to how close 

other objects are to an object, or the likeliest location 
of its nearest neighbouring object. Since the object is 
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linked to interval IDs for the interval -objects in which 
it extends, it is sufficient to observe these interval 
IDs to obtain information concerning their extension. 
A part of the object lying in an interval with slight 
5 extension must be relatively close to another object, 
which has caused this sub-division of the interval. 

By having one of the dimensions represent time, and 
having each object linked to a time extension, i.e. a 
time interval when they exist in a specific place, the 

10 database in accordance with the invention can be used to 
divide' a dynamic process in time. Movement of an object 
takes up a corridor in the time space, known as an enve- 
lope. According to the invention, when two envelopes col- 
lide, these can be divided with respect to time to deter- 

15 mine whether a collision really does occur between the 
two objects. One condition is that the object is linked 
to a plurality of IDs, each of which is connected to a 
time interval and a position. 

One of the dimensions of the coordinate system may 

20 be an abstract dimension representing alternative embodi- 
ments of an object or process. Two objects may then be in 
the same place at the same time but as different, mutual- 
ly exclusive alternatives. 

The structure can also be used to distribute the 

25 contents in a database over several units, e.g. files or 
storage units. This division may then be based on areas 
of the coordinate system, so that one unit contains all 
the interval-objects relating to intervals forming a part 
of this area, the largest interval -object referring to 

30 the whole area. 

It is also preferred for all objects in the data- 
base to have an object ID that includes the coordinates 
for one of the coordinate points of the object. All 
objects are then suitably stored in the unit where the 

35 interval -object containing the ID coordinate of the 
object is stored. 
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When the space map is divided in accordance with 
the present invention, the database units can also be 
correspondingly altered- A second threshold value, for 
instance, may define how many objects may be stored 
5 simultaneously in one unit. This threshold value is 

determined by the properties of each database. When this 
threshold value is exceeded, half the area connected to 
this unit is moved to another unit, such as another file, 
another disk or a completely different physical unit. 

10 A database is thus created in which each unit is 

logically connected to a specific area of the coordinate 
system representing the reality depicted in the database. 
This is advantageous in many applications, such as design 
work, mining, World Wide Web, stock databases, etc. 

15 The close connection of the database structure to 

the time -spatial extension of the object makes it par- 
ticularly suitable in applications when time and space 
play a decisive role. An example is booking systems for 
travel. By stating time, starting place and destination, 

20 an interface can easily pick out suitable trips. In agri- 
culture, many small areas of arable land can be managed 
using a database in accordance with the invention. 
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CLAIMS 

1. A method for handling a database containing 

5 objects (2, 20, A, B) that have an extension in a coor- 
dinate system representing a multidimensional reality, 
which coordinate system is divisible into a plurality 
of defined, multidimensional intervals (22-25; 61-69), 
characterised by, each time an object is f 
10 entered into the database, 

determining which multidimensional intervals the 
object has an extension in, 

for each of these intervals determining the number 
of objects having an extension therein, 
15 comparing said number of objects with a predeter- 

mined threshold value and, 

if the threshold value is exceeded, dividing the 
interval into at least two smaller intervals, in order 
to limit the number of objects related to an extension 
20 in any given, defined interval. 

2. A method as claimed in claim 1, further compris- 
ing the step of linking each interval (22-25; 61-69) to 
a set of objects (20; A, B) having an extension in the 
interval . 

25 3. A method as claimed in claim 1 or 2, further com- 

prising the step of linking each object (20; A, B) to a 
set of intervals (22-25; 61-69) within which the object 
has an extension. 

4 . A method as claimed in any one of the preceding 
30 claims, wherein the coordinate system comprises at least 

one time dimension. 

5. A method as claimed in any one of the preceding 
claims, wherein the coordinate system comprises one or 
more, preferably three, spatial dimensions.. 

35 6. A method as claimed in any one of the preceding 

claims, wherein each division of an interval occurs in 
only one dimension. 
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7. A method as claimed in any one of the preceding 
claims, wherein, when the threshold value is exceeded, 
the interval is divided into two smaller intervals. 

8 . A method as claimed in any one of the preceding 
5 claims, wherein, when the threshold value is exceeded, 

the interval is divided into two intervals of equal size. 

9. A method as claimed in any one of the preceding 
claims, further comprising the step of adjusting the 
division of intervals when the relation between an object 

10 and an extension in the coordinate system is removed. 
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